Supplementary Information
Supplementary Discussion 1: Detailed discussion of homogenization theory for periodic photodesigned THz metamaterials.
In the context of metamaterials, the homogenization theory is a fundamental tool for giving an effective description of the electromagnetic behavior of complex heterogeneous subwavelength structures through the introduction of effective electromagnetic parameters (e.g. effective permittivity, effective permeability). Homogenization techniques have a long-standing tradition and many authors have developed different approaches in the past for predicting the electromagnetic effective response [1] . Recently, A. Ciattoni and C. Rizza have proposed a first-principles homogenization theory based on a multiscale technique and they have shown that the effective medium permittivity tensor and the first-and second-order tensors describing spatial dispersion can be evaluated by averaging suitable spatially rapidly varying fields, each satisfying electrostatic-like equations within the metamaterial unit cell [2] . Generally, the standard metamaterials are composed by subwalength material inclusions and they are characterized by the fact that the "microscopic" relative dielectric permittivity depends on a subwavelength scale only. Here, our theoretical effort is to describe photo-designed metamaterials where the "microscopic" relative dielectric permittivity exhibits a continuous spatial variation and, in addition, it is characterized both by a fast (subwavelength) and a slow spatial modulation. In order to achieve this result, we have considered the theory reported in Ref.
[2] (suitable for describing subwalength structures with a continuous spatial variation of the dielectric permittivity) in the very long-wavelength limit and in the situation where the "microscopic" dielectric relative permittivity depends on fast (subwavelength) and slow scales. We consider the Maxwell's equations 
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( ε and εɶ are the average over the unit cell and the zero mean residual contribution, respectively) whereas, the equations for zero mean residual fields are 
